Background Type 2 diabetes mellitus (T2DM) is one of the most common chronic diseases worldwide. In high-income countries, low socioeconomic status seems to be related to a high incidence of T2DM, but very little is known about the intermediate factors of this relationship. 
Method
We performed a case-cohort study in eight Western European countries nested in the EPIC study (n ¼ 340 234, 3.99 million personyears of follow-up). A random sub-cohort of 16 835 individuals and a total of 12 403 incident cases of T2DM were identified. Crude and multivariate-adjusted hazard ratios (HR) were estimated for each country and pooled across countries using meta-analytical methods. Age-, gender-and country-specific relative indices of inequality (RII) were used as the measure of educational level and RII tertiles were analysed.
Results
Compared with participants with a high educational level (RII tertile 1), participants with a low educational level (RII tertile 3) had a higher risk of T2DM [HR: 1.77, 95% confidence interval (CI): 1.69-1.85; P-trend < 0.01]. The HRs adjusted for physical activity, smoking status and propensity score according to macronutrient intake were very similar to the crude HR (adjusted HR: 1.67, 95%
Introduction
In high-income countries, low socio-economic status (SES) has been linked to higher incidence of mortality from different chronic diseases, such as some types of cancer, 1 respiratory diseases 2 and cerebrovascular and cardiovascular diseases. 3, 4 Cardiovascular diseases, the group of chronic diseases in which the relationship with SES is the most evident, 5 share a number of aetiological factors with type 2 diabetes mellitus (T2DM). 6, 7 Several studies showed a strong inverse relationship, particularly in women, between T2DM prevalence and SES as determined by educational level, [8] [9] [10] [11] [12] income 10, 13 and deprivation score. 9, [14] [15] [16] [17] The most recent research, focused mainly on the relationship between SES and T2DM incidence, has been carried out in North America and Europe, including a number of large-scale studies [18] [19] [20] [21] [22] [23] [24] [25] [26] and a recent meta-analysis. 27 SES refers to an individual's social position relative to other members of a society, and cannot be measured directly. Instead, different proxies for SES are used, and often include educational level, income or occupation. 28 These three indicators are strongly related and complementary, but are not interchangeable. 29 The major advantage of using educational level as a proxy for SES is its simplicity and universality. 30 Nevertheless, the relationship between educational level and health is complex, as it is mediated by anthropometric factors, lifestyle, behaviour, access to health services and knowledge of health promotion. 31 Furthermore, improving national educational levels could be a feasible public health goal for European countries, and would make the study of the association between educational level and risk of disease a basis of observation that could readily be translated into public health measures.
The aim of this study was to assess the association between risk of T2DM and educational level (as a proxy for SES) for the first time in a large European nested case-cohort study with a validated case ascertainment procedure and detailed information on other risk factors that were measured in a standardized manner across eight Western European countries.
Subjects and methods

Study population
The participants, methods, study design and measurements have been described previously. 32 Briefly, the InterAct Project is funded by the Sixth European Framework Programme. It was initiated to investigate how genetic and lifestyle behavioural factors, particularly diet and physical activity, interact for the risk of developing diabetes and how knowledge about such interactions may be translated into preventive action. As part of the wider InterAct project, consortium partners have established a case-cohort study of incident type 2 diabetes (InterAct study) based on cases occurring in European Prospective Investigation into Cancer and Nutrition (EPIC) cohorts between 1991 and 2007 in 8 of 10 EPIC countries participating in InterAct. All EPIC participants signed an informed consent form; approval for study was obtained from the ethical review boards of the International Agency for Research on Cancer and from all local institutions where participants were recruited. 33 A total of 340 234 EPIC participants were followed up for a mean time of 11.7 years during which 12 403 verified incident cases of T2DM were identified and included in the InterAct project. A random sub-cohort of 16 835 individuals was selected from participants with available stored blood and buffy coat, stratified by centre. Because of the random nature of sub-cohort selection, which is a feature of the case-cohort design applied in the present study, the sub-cohort also included 778 individuals who developed T2DM during follow-up. Information on educational level was present for 12 108 incident cases of T2DM and 15 850 sub-cohort individuals, who were included in the final analyses [295 incidence cases of T2DM (2%) and 985 sub-cohort individuals (6%) had missing information and were excluded].
Ascertainment and verification of incident cases of T2DM
Incident cases of T2DM occurring between 1991 and 2007 were ascertained and verified by EPIC centres participating in the InterAct project. A highsensitivity approach was adopted for the ascertainment of incident cases of T2DM, with the aim of identifying all incident cases and excluding all individuals with prevalent diabetes. Evidence used to ascertain incident T2DM included self-reported T2DM in follow-up questionnaires (T2DM diagnosed by a medical doctor or anti-diabetic drug use), linkage to primary and secondary care registers, medication use (prescription registers), hospital admission and mortality data. 32 To increase the specificity of the case definition, and to avoid inclusion in the study of cases based on self-report of T2DM alone, further evidence was sought for all incident cases of T2DM. T2DM cases were included in the study only if confirmation of the diagnosis was secured from no less than two independent sources, including individual medical-record review.
Relative indices of inequality as the measure of educational level Educational level was used as a proxy for SES, and was categorized as primary school or none (low educational level), vocational or other secondary school (middle educational level), and university or vocational postsecondary school (high educational level). Relative indices of inequality (RII) were then calculated to avoid the problem of differences in the distribution of educational levels between different countries, genders and birth cohorts. The RII was assigned by ranking the earlier-mentioned educational levels according to the proportion of participants within relevant strata for each country, by 10-year age group and gender. 34, 35 The midpoint of the cumulative proportional distributions of each educational level was used to calculate the RII score. For example, if within a given category (country, age group, gender) 60% of participants attended primary school only (low educational level), 30% attended secondary school (middle educational level) and 10% attended high school (high educational level), in that category each participant that attended primary school only would be assigned a score of 0.30 (midpoint of 60%), each participant that belonged to the intermediate stratum would be assigned a score of 0.75 (0.60 of the first level, plus 0.30/2, the midpoint of 30%). Accordingly, the remaining 10% of subjects in the stratum of high educational level would receive a score of 0.95 (0.60 of the first level þ 0.30 of the second level þ 0.10/2, the midpoint of 10%). This calculation was performed for each specific category.
Other variables
Self-administered questionnaires were used to collect information on lifestyle factors and dietary habits upon recruitment into the EPIC study. For the present study we used the information on body mass index (BMI, continuous variable), marital status (single, married, separated and widowed), smoking status (never, former and current smoker), alcohol consumption (never, former and current drinker), physical activity (covering occupation and recreational activity according to a validated physical activity index; inactive, moderately inactive, moderately active and active) 36 and macronutrient intake (total energy, total proteins, total carbohydrates and total fats, continuous variable). Weight and height measurements were also obtained upon recruitment into the EPIC study using standardized protocols. Information on marital status was available in six of the countries participating in the InterAct project.
Statistical analysis
The distribution of exposures and putative confounders were summarized in the sub-cohort using means and standard deviations for continuous variables, and percentages and frequencies for categorical variables. We used a causal diagram 37 to represent our qualitative a priori assumptions about the underlying mechanistic or indirect pathways by which educational level may affect incident T2DM. In Figure 1 we present the directed acyclic graph (DAG) 44 that was used to determine the confounders that were introduced into the statistical model.
In the present study participants were assigned an RII score of 1 (low inequality ¼ high educational level), 2 (middle inequality ¼ middle educational level) or 3 (high inequality ¼ low educational level) based on tertiles of these RII values.
In our causal model we observed that individual dietary variables have a small effect, so we decided to summarize this information using a propensity score, 45 which yielded a more efficient regression model. In the analysis presented in this report, the propensity score represents the probability that an individual belongs to a certain RII tertile given his or her macronutrient intake (total energy, total proteins, total carbohydrates and total fats). We fitted two models: model 1 included physical activity, smoking status and propensity score according to macronutrient intake; model 2 also included BMI (in quartiles). We did not adjust analyses for age or gender, as the investigated principal determinant (RII) was already standardized by those variables. Neither did we adjust the analyses for alcohol consumption, following the results of the DAG analysis.
Hazard ratios (HR) were calculated using a weighted Cox proportional hazards regression analysis, modified to be appropriate for this case-cohort design. 46 The proportional hazard assumptions were tested in the sub-cohort using the Grambsch and Therneau test. Age was used as an underlying time variable. We used Prentice weight as suggested in the paper by Onland-Moret et al.:
47 all sub-cohort individuals (whether or not they later became T2DM cases) were equally weighted in the likelihood function. Incident cases of T2DM (not including sub-cohort individuals who developed T2DM) were not weighted until they were diagnosed with T2DM. Once diagnosed they were considered incident cases of T2DM and given the same weight as the incident cases of T2DM in the random sub-cohort.
The HRs for T2DM were estimated separately for each country, and then combined across countries using meta-analytical methods. As resulting heterogeneity was not significant, we used a fixed effects model to obtain pooled HRs. 48 Separate sensitivity analyses were performed, one further adjusting for marital status (in the six centres that had this information available), and the other after excluding incident cases of T2DM diagnosed within the first 2 years of follow-up. All statistical tests were two-sided. Analyses were performed using STATA v10.0 and Comprehensive Meta-Analysis v2.2.
Results
Educational levels by country and gender in incident cases of T2DM and sub-cohort individuals are displayed in Table 1 ; the differences in educational levels across countries are to some extent because of the different sampling strategies utilized during the recruitment of the EPIC cohort, and to different age and gender distributions in different countries. Table 2 shows the characteristics of sub-cohort individuals by RII tertiles. Mean BMI increased from RII tertile 1 (more educated individuals) to RII tertile 3 (less educated individuals). The percentage of current smokers, never and former alcohol drinkers and physically active men and women decreased with increasing educational level.
In Figure 1 we show the a priori causal model (using the DAG) that we applied in the analyses, which reflects the current knowledge about the relationship between diabetes and SES.
In the present study, compared with the highest relative educational level, being in the lowest educational position was associated with a 64% increased HR for T2DM in men and 90% increased HR in women (adjusted HR: 1.64, 95% CI: 1.51-1.80 and 1.90, 95% CI: 1.75-2.07, respectively). The HRs adjusted for physical activity, smoking status and propensity score according to macronutrient intake were very similar to the crude HR (adjusted HR: 1.67, 95% CI: 1.52-1.83 in men; adjusted HR: 1.88, 95% CI: 1.73-2.05 in women). The HRs were attenuated only when they were further adjusted for BMI (BMI adjusted HR: 1.36, 95% CI: 1.23-1.51 in men; BMI adjusted HR: 1.32, 95% CI: 1.20-1.45 in women) ( Table 3) .
The combined results from the meta-analysis approach by country (Figure 2a and b) show that the association between educational level and the risk of T2DM was consistent across countries (P-value for heterogeneity ¼ 0.44, I 2 ¼ 0.00, RII tertile 3 vs RII tertile 1). In the forest plot comparing RII tertile 3 and RII tertile 1, the only countries in which the effect of educational level on the risk of T2DM was less evident were France, Italy and the UK.
A sensitivity analysis was used to assess the potential influence of marital status (excluding from the analyses the two countries that did not record this information at baseline, n excluded cases ¼ 4594) and early diagnosis of T2DM (excluding from analyses the 1044 incident cases of T2DM diagnosed within the first 2 years of follow-up). The results remained unchanged (data not shown).
Discussion
The results of this study provide evidence that lower educational level is associated with a higher risk of T2DM in men and women in Western European countries. Educational level (and SES in general) does not have a direct biological effect on disease; instead its effects are mediated by other risk factors that can be biologically related to disease (i.e. smoking status, BMI, physical activity). In the InterAct project, the association between lower educational level and higher risk of T2DM was not demonstrably mediated by any of the variables that we considered are usually regarded as modifiable behavioural risk There was a trend in the association between educational level and risk of T2DM in which lower educational levels were related to higher risks of T2DM incidence. This result supports the conclusion of a recent meta-analysis of T2DM and SES based on 20 cohort and case-control studies in high-income countries. 27 In addition, in one of the more recent studies included in that meta-analysis, Robbins et al. 21 studied the association between educational level, occupation, income and T2DM risk in 11 069 respondents to the First National Health and Nutrition Examination Survey (NHANES1). They found an association between all three indicators of SES and T2DM incidence in women, although it was attenuated when adjustment for potential confounders was performed, and a less consistent association in men. Similar results have been reported by Ross et al.
26 on the association between educational level and T2DM incidence, which was more evident in women than in men in the adjusted models.
In the Whitehall II study on 10 308 civil servants, Kumari et al. 22 found that employment grade was related to T2DM incidence only in men in a fully adjusted model. Finally, in a study of 6147 Alameda County residents in the USA, Maty et al. 23 found that the excess risk associated with income and educational level was largely accounted for by obesity.
The main limitation of these previous studies and the subsequent meta-analysis was that the incidence of diabetes and the information on type of diabetes were mainly self-reported in the large cohort studies, and when diabetes was not self-reported, the sample sizes were often small. Furthermore, in a metaanalysis it is not always possible to adjust for potential confounders. In the InterAct project we overcame these problems by analysing data from a large case-cohort study in which the T2DM diagnosis was always validated, and in which, using detailed information about potential risk factors, we were able to build different multivariate models and identify the mediator variables that better explained inequalities.
In the present study we used relative educational level as a proxy for SES because it is easily and accurately reported and is unaffected by poor health in adulthood. Educational level reflects childhood and adolescent SES based on the SES of parents, as well as partially reflecting adult occupation, income and social prestige. 49, 50 Disparities in the SES of parents can be observed very early in childhood, through lower birthweights and an earlier adiposity rebound in the low SES group. 15 Some, [51] [52] [53] [54] but not all, 25, 55, 61 studies have found an independent association between lower SES in childhood and increased risk of T2DM. Furthermore, a recent meta-analysis concluded that lower childhood SES is associated with T2DM and obesity later in life. 50 In contrast, high educational level may be associated with health in different ways: individuals with a high educational level may be more receptive to prevention messages, have a higher ability to change their health behaviour and be prone to better use health care systems. 31, 62 *Propensity score for macronutrient intake (total energy, total fats, total proteins and total carbohydrates). BMI: body mass index.
Differences in educational systems in the distribution of women and older people across educational levels and in the legislation regarding the age at which students can be expelled from school do exist between the European countries included in the InterAct project. To overcome the difficulties in comparing educational levels, due to these differences, we computed the RII, which has been used frequently in the study of social inequalities in health. 63, 64 The purpose of this index in the present study was to quantify the effect of the RII score on T2DM risk. The RII expresses inequality within the whole socioeconomic continuum and can be interpreted as the ratio of the risk of T2DM between the high educational level (RII tertile 1) and the low educational level (RII tertile 3).
Socio-economic inequalities in health have been attributed to a number of different mechanisms, including unhealthy behaviours, 65 fetal/infant malnutrition 56, 64 or adult nutritional inadequacies, 50, 57, 66 depression or psychological stress, 24,51,52,58 inadequate access to preventive health care and other inequalities in material circumstances. 59, 60 Adult BMI was examined as a mediating factor in the association between SES and T2DM, as were measures of physical activity, dietary caloric and macronutrient intakes and tobacco use.
14 Obesity is a strong and well-documented risk factor for T2DM and has been shown to be related to SES. 12, 38, 39 Previous research showed that the association of T2DM with SES was partially explained by BMI, Figure 2 Country-specific hazard ratios of type 2 diabetes mellitus (a) comparing RII tertile 2 vs RII tertile 1 and (b) comparing RII tertile 3 vs RII tertile 1 adjusted for physical activity, smoking status, BMI and propensity score for macronutrients (total energy, total fats, total proteins and total carbohydrates) particularly in women. 26 In the present study, an association between BMI and RII was observed: men and women with higher BMI had low educational levels. Furthermore, as expected, the risk of incident T2DM for RII tertile 3 vs RII tertile 1 was attenuated after adjustment for BMI.
Physical inactivity 12, 38 is another important lifestyle factor that is related to SES and is a strong risk factor for T2DM. Ford et al. 67 found that women with higher SES were physically more active than those with lower SES, though this difference was not apparent in men. In the present study there was no clear association between physical activity index and SES, and in the multivariate model the risk of incident T2DM for RII tertile 3 vs RII tertile 1 was not explained by physical inactivity.
The causal relationship between T2DM and smoking status is unclear, 40 but smoking is known to be associated with lower SES. 68, 69 In our study there was evidence of a clear trend in smoking status in the RII tertiles. As a result, the multivariate model was adjusted for smoking status in both genders.
It is also unclear whether low SES results in unhealthy nutrition. Differences in dietary patterns, including fat intake and alcohol consumption, have been documented among socio-economic groups defined by income and educational level. Studies conducted in Canada showed that lower household income was inversely associated with fat intake. 70 We did not see a clear relationship between educational level and nutrient intake in the present study.
Several investigators have observed differences by gender in the effects of SES on T2DM. [9] [10] [11] 17, 21, 27 We did not find any evidence of a difference by gender in the association of SES with risk of T2DM in an adjusted model.
Finally, this study shows on-going social inequalities in the risk of T2DM, which are consistent across different European countries, even in those with a tradition of high social equality such as Sweden and Denmark. We already listed some of the strengths of the present study, such as the possibility to study the relationship between diabetes and SES in more than one country and the availability of detailed information on many risk factors measured in a standardized manner across countries.
However, the limitations of the study also warrant discussion. First, the study population consisted predominantly of White men and women from Western Europe. Other ethnic groups, such as African or Hispanic groups, which in previous studies have been reported to have a much higher prevalence of diabetes, were not represented in our cohort. Furthermore, the EPIC study tends to recruit people belonging either to the lower strata of higher social classes or the highest strata of lower social classes, which is also the case in other large cohort studies.
This phenomenon could imply a lower range of exposures and that observed contrasts may be less marked than the real ones. Finally, residual confounding caused by unmeasured variables such as psychological factors and stress is possible. Caution must be exerted in interpreting these results, as using only one indicator of SES may provide less information than using multiple indicators, such as occupation and income. 29 In conclusion, based on the results of this study, it is possible to imply that there are substantial inequalities in the risk of T2DM in Western Europe, which are demonstrable in men and women alike. BMI is the only potential mediator in the relationship, explaining at least a part of the risk of T2DM due to differences in educational levels. The benefits of greater social equality tend to be largest among the least educated individuals in each country, but could extend to more than two-thirds of their respective populations. These results suggest that social programmes to improve the educational level of the general population could possibly reduce the risk of T2DM in Western Europe. 
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KEY MESSAGES
Lower educational level is inversely associated with the risk of type 2 diabetes mellitus across different Western European countries, even in those with a history of social equality.
Only adjustment for body mass index, and not for other risk factors, partially reduced inequalities in the risk of type 2 diabetes mellitus due to differences in educational levels in men and women.
